2TT, UK. †These authors contributed equally to this work. Currently, there is an increasing demand of high-density integration and the miniaturization of photonic elements for the modern information processing. As an emerging branch in nanophotonics, plasmonics has attracted great attention for the ultracompact photonic devices due to its ability to overcome the diffraction limit, and manipulate light at deep subwavelength scale [1] [2] [3] [4] . Many photonic modules based on surface plasmon polaritons (SPPs), such as efficient unidirectional optical launcher [5] [6] [7] , reflectors 8, 9 and demultiplexers 10, 11 have been proposed as the key components for the future plasmonic circuits. On the other hand, optical modules for controlling free space light propagation, such as the metalens [12] [13] [14] [15] and optical vortex emitters 16, 17 , are also critical components for the photonic circuits. To reduce the size and cost of optical devices, the integration of both the near-and far-field functionalities with a single structure is highly desired.
With the evergrowing demand for miniaturization of photonic devices
Metasurface, the two dimensional (2D) analog of metamaterial, is capable of manipulating light in a controllable manner at a subwavelength scale. This is accomplished by the strong optical interaction of space-variant subwavelength artificial structures, with the geometry carefully designed to exhibit desired distributions of amplitude and phase for scattered lightroute for design of compact optical components. These characteristics make the metasurface a promising candidate for a variety of applications, including the optical spin Hall effect [19] [20] [21] , anomalous refraction 18, [22] [23] [24] , metalens [12] [13] [14] [15] , optical vortex generation [25] [26] [27] and optical holography [28] [29] [30] [31] .
In this work, we propose a method to integrate both the near-and far-field functionalities into a single metasurface design. The metasurface consists of nanoslits perforated in Au film, whose orientations can introduce spatially variant geometric phases for scattering waves in both the near and far fields under circular polarizations.
With an additional degree of freedom provided by the positions of the metasurface elements, simultaneous spin-dependent unidirectional near-field launching and the virtual/real far field focusing can be achieved. The bifunctional structure may have potential for the integration and minimization of future optical devices.
Results
Design of the integrated launcher. Figure 1 shows a schematic view of the designed metasurface for an integrated near-and far-field optical launcher. The structure consists of an array of nanoslits perforated in Au film. Upon the illumination of a beam at normal incidence, the nanoslit simultaneously generates SPPs in the near field that propagates along the metallic surface, and scatters the incident light into the far field. Under the circular polarization (CP) incidence, the nanoslit generates locally a geometric phase of σθ for the surface waves 5, 20 , while a geometric phase 2σθ in its cross polarization for and left-circular polarization (LCP) for the incident light and θ is the orientation angle of the nanoslit relative to the x axis. By utilizing different geometric phases of the nanoslit in the near and far fields, we are able to integrate both the near-and far-field functionalities into a single structure.
In the near field, the SPPs excited by the nanoslit-array at position x i propagating along the left and right sides (±x axis) can be written as
where k spp is the SPP wave vector, the positive (+) and negative (-) signs correspond to a SPP propagating to the right and left sides, respectively. Here, by controlling both the position and orientation of each nanoslit, we aim at designing a bifunctional metasurface that can simultaneously excite unidirectional plasmon propagation and operate as a lens for free space scattering. By requiring that all the SPPs excited by different nanoslits interfere constructively to the right under the LCP (σ =-1) incidence, the following equation can be formulated,
This condition ensures that the launched SPPs under LCP incidence mainly propagate to the right. For negligible propagation loss of SPPs, the powers to the right and the left are Next, to achieve the lens functionality such that the incident LCP light can be focused at the transmitted side, and we then have 2 2 2 .
where k is the wave vector of light in free space and f is the focal distance of the metalens. In order to integrate the optical near-and far-field functionalities in a single device, equations (2) and (3) distributed uniformly in space 18, 22 . Here, the extra degree of freedom provided by the positions of the metasurface elements is utilized to achieve the dual functionalities in a single metasurface structure.
Besides achieving the dual functionalities, the designed metasurface is also reconfigurable by the spin of incident light. For the abovementioned metasurface, if the spin state of the incidence is changed to RCP (σ=+1), the powers towards the two opposite directions would be exchanged, i.e. LCP/RCP (Fig. 3f, g ) and RCP/LCP (Fig. 3h, i) . We can observe a real (virtual) focus at the transmitted (incident) side with z=20 µm (z=-20 µm) for LCP (RCP) incidence.
Because the designed metasurface is a 2D periodical structure, the intensities at focal plane (xy) show bright focused line along the y direction for both CP incidences (Fig.   3g, i) . To achieve high-intensity focusing, we modify the metasurface design into a circular configuration, such that both the near field and the scattered far field can be focused into a 2D spot. In the near field, the SPPs generated by each slit propagating toward opposite directions exhibits a π-phase difference, which should be taken into account in the design of the metasurface 20 . The detail of the design is provided in Supplementary Note 2. Figure 4a shows the SEM figure of the circular metasurface,
with an inner radius of r 1 = 3.5 µm and an outer radius of r 2 =7 µm. The measured optical near-field intensities under LCP incidence is shown in Fig. 4b , where the SPPs propagate radially towards the center and form a high-intensity SPP field at the center, which is consistent with our design. When the incident polarization is changed to RCP (Fig. 4c) , the SPP intensity at the center is about 6 times less than that under LCP incidence, since the SPPs primarily propagate outward along the radial directions.
In the far field, a focal-spot point is observed (Fig. 4d, e) . The lens is designed with a focal length of 20 µm and a numerical aperture (NA) of 0.33. When the structure is illuminated by a LCP beam, it concentrates light into a real RCP focal point (Fig. 4d ).
For incident light with an opposite spin of RCP, a virtual LCP focal point emerges at the incident side of the lens (Fig. 4e) . The focal spot size is measured to be about 960 nm at full width at half maximum, which is close to the diffraction-limited spot size (λ/2NA).
Discussion
It is important that multiple functionalities integrated into a single device do not interfere with each other. Here we compare the optical performance of our designed bifunctional structure with the one that has single functionality (far-field focusing or unidirectional launching of SPPs only). In the design of the far-field focusing, because constructive-interference condition is satisfied for both the single-functional and our bi-functional structures, the focal intensities should be the same if they contain the same number of metasurface elements with the same geometry. In the near field, although the SPPs constructively interfere along one direction and cannot be completely canceled along the opposite direction, the extinction ratio of our structure can be at least comparable to that with a single functionality 6, 33, 34 , due to the additional degree of freedom provided by the positions of the metasurface elements. Thus, our designed metasurface can not only integrate both functionalities in a single structure, but also maintain good optical performances.
In summary, we proposed and experimentally demonstrated an integrated near-and far-field launcher with designed metasurface. By flipping the spin state of the incident light, we show that unidirectional launching of SPPs toward either direction of the periodical metasurface can be realized and meanwhile the polarity of the metalens can be switched between negative and positive. We further designed a metasurface for focusing both near field and far field wave propagation into focal spots. Although each functionality demonstrated here has been individually realized previously, the integration of them in a single structure is highly desired for the device minimization.
Our work may provide new ideas for further design of multifunctional integrated optical devices. 
Methods

